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Abstract
In recent years, metal nanoparticles (MNPs) have gained significant research interest owing to their versatile characteristics
in diversified applications ranging from catalysis to biomedical sciences. Due to their notable and improved properties such
as higher flexibility, facile processability, thermal stability, mechanical strength, and exceptional optoelectrical and magnetic
behavior as compared to pristine metal nanoparticles, the polymer mediated nanoparticles have recently drawn interest from
both industry and academia. In this novel investigation, we report a sustainable synthesis of Ag, Fe, Cu, and Zn metal
nanoparticles using a chemical reduction method using polyamide (PA) and polyhydrazide (PH) matrices. This work is
innovative in that it makes use of these polymer matrices for improved MNP synthesis, offering a unique combination of
thermal and structural features. The polymers-supported metal nanoparticles were characterized for structural, thermal,
optical, chemical, and morphological characteristics using XRD, TGA, UV-Vis, IR spectroscopy, and SEM analysis,
respectively. XRD measurements demonstrated a significant rise in the crystallinity index for the produced metal
nanoparticles, indicating a significant increase in crystallinity quantitatively. The effective synthesis of nanoparticles with
precise attributes was confirmed by UV-Vis spectroscopy, which showed a significant absorption peak in the UV region. The
thermogravimetric study suggested an improvement in thermal stability of around 25%. This work offers a flexible and eco-
friendly method for synthesizing metal nanoparticles, demonstrating the usefulness of polyamide and polyhydrazide matrices
as platforms for the synthesis of nanomaterials for numerous applications including catalysis, electronics, sensors, and
biomedical applications.
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Highlights
● A facile synthesis of metal nanoparticles (Ag, Fe, Cu, and Zn) via chemical reduction approach.
● The nanoparticles of Ag, Fe, Cu, and Zn are formed utilizing polyamide (PA) and polyhydrazide (PH) matrices.
● The synthesized metal nanoparticles exhibited higher crystallinity, better thermal stability, high absorption in UV range.
● This work offers a potential for numerous applications including catalysis, electronics, sensors, and biomedical

applications.

1 Introduction

The potential benefits of nanotechnology in various fields
including computers, electronics, pharmaceuticals, biology,
and catalysis, have made it extremely significant in recent
years [1, 2]. Bulk materials can be altered to become
stronger, lighter, more resilient, highly reactive, and con-
ductive materials with the help of nanotechnology [3–6].
The rapid advancement in nanotechnology owing to its
remarkable potential and ability to manipulate bulk mate-
rials at the nanoscale is beneficial. The synthesis of metal
nanoparticles (MNP) has received a lot of attention recently
due to their unique physicochemical properties and exten-
sive applications in sensing, electronics, adsorbents, health
sciences, and catalysis, among other fields [7–9]. Despite
different techniques available to synthesize nanoparticles,
using polymers as templates or stabilizers has several ben-
efits, including improved stability, regulated size and shape,
and simplicity in functionalization [10–12].

Due to their intrinsic qualities and adaptable chemical
structures, two distinct groups of polymers, polyamide (PA)
and polyhydrazide (PH) have emerged as viable options for
the synthesis of MNP [13–16]. The PAs exhibit remarkable
mechanical resilience, chemical resistance, and thermal
stability due to the presence of amide links in their struc-
tures. These characteristics make PAs robust matrices that
can be utilized to incorporate MNP by providing a stable
environment for nanoparticle-controlled growth [17–19].
On the other hand,PHs, which have functional groups called
hydrazides, have unique reactivity and chelating properties
favorable in metal ions coordination consequently leading
to the formation of nanoparticles [20, 21]. Metal ions can be
included in PA or PH matrices via a variety of synthetic
procedures, including in situ polymerization, template-
assisted approaches, and chemical reduction techniques.
By precisely controlling the size, shape, and dispersion of
MNP, these techniques enable the tailoring of their prop-
erties for desired applications [22–25].

However, the size, shape, and dispersity of the nano-
particles may be less controllable with in situ polymeriza-
tion. The final product may contain impurities or differ from
the original due to side reactions that can occasionally

happen during polymerization. Techniques for in-situ
polymerization can be more intricate and often require
complex equipment or specific conditions. Furthermore, the
quality of synthesized nanoparticles can be restricted by the
polymer selection and compatibility with the synthesis
approach [26–29]. Similarly, the template-assisted approach
suffers from the difficulty of removing the template right
after the formation of nanoparticles. This can be difficult
and may require heat treatments or severe chemical treat-
ments, which might harm the nanoparticles or alter their
appearance [30, 31]. Especially for large-scale synthesis,
some template materials utilized in template-assisted tech-
niques may be costly or challenging to synthesize [32–35].
The chemical reduction approach, on the other hand, is
facile and versatile. The high yield of the final product can
be obtained using a chemical reduction technique with
strong reproducibility. Furthermore, this is a low-cost
approach and has superior control over the shape and size
of nanoparticles [36–39]. Advancing MNPs easier to pro-
duce while reducing adverse environmental effects requires
the development of sustainable synthesis techniques. A
viable approach to accomplish this goal is to use polymer
matrices as stabilizing agents during the production of
nanoparticles. These matrices can improve the mechanical
and thermal properties of the resulting MNPs. The use of
PA and PH matrices for the synthesis of MNPs is lacking
comprehensive investigation, despite their potential bene-
fits. Understanding the full potential of PA and PH in this
context is lacking since the majority of studies so far have
been on other polymers. This study aims to address this gap
by developing a facile and sustainable chemical reduction
approach for synthesizing MNP (Ag, Fe, Cu, and Zn) using
PA and PH matrices.

The present research deals with the synthesis of MNP
(Ag, Fe, Cu, and Zn) using PA and PH via a facile chemical
reduction approach. The synthesized polymer-assisted
nanoparticles were probed for different structural, thermal,
and optical characterizations to examine their distinguished
characteristics. The prime objective of this study is to
evaluate the improvements in crystallinity, enhancing ther-
mal stability and optimizing the optical characteristics of
polymer-mediated nanoparticles. Our research aims to
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advance our knowledge of the mechanics behind polymer-
mediated nanoparticle formation and to offer new strategies
for tailored nanomaterial design and usefulness.

2 Experiment section

2.1 Materials

All chemicals were purchased commercially from Aldrich or
Merck. Since they were analytical grade or higher, they did
not require additional purification before being used. Silver
nitrate (AgNO3/169.87 g/mol), iron sulfate heptahydrate
(FeSO4·7H2O/278.02 g/mol), copper sulfate (CuSO4/
159.60 g/mol), zinc chloride (ZnCl2/136.28 g/mol), 1,3-dia-
minopropane (NH2(CH2)3NH2/74.12 g/mol), hydrazine
monohydrate (NH2NH2·H2O/50.06 g/mol) and L-tartaric acid
(C4H6O6/150.08 g/mol) were procured from Aldrich with
purity level >99%. The different solvents utilized in synthesis
involve methanol, ethanol, DMF, and acetone which were
purchased from Sigma Aldrich and provided by local
vendors.

2.2 Synthesis of polyamide (PA) and
polyhydrazide (PH)

PA and PH were synthesized separately via direct treatment
of tartaric acid with 1,3-diamino propane and hydrazine
monohydrate, respectively. At the neutralization point
solutions turned a light-yellow color as the acid-base reac-
tion occurred and the temperature of the reaction chamber
was increased to 90 °C. After cooling the above solutions,
polar solvents (methanol or ethanol) were gradually added
to them. A yellow, sticky substance that resembles gel
accumulates at the bottom of the reaction flask. The tech-
nique produced a sizable yield of product.

2.3 Synthesis of metal (Ag, Fe, Cu, and Zn)
nanoparticles with polyamide

2 g of each precursor salt, silver nitrate, iron sulfate hepta
hydrate, copper sulfate, and zinc chloride containing 2 g of
PA each were dissolved separately in four different beakers
containing 10 ml of deionized water (DIW). The mixed

solution of precursor salt and PA was taken in a round
bottom flask fitted with a condenser. The precursor solu-
tions were stirred using a magnetic stirrer on a hot plate at a
temperature up to 135 °C for 35 min. After heating and
stirring the solution, a few drops of hydrazine monohydrate
were added as a reducing agent into that solution. The color
of the solution changes to light gray, light black, golden
brown, and off-white for silver nitrate, iron sulfate, copper
sulfate, and zinc chloride precursor solutions, respectively.
A few drops of ethanol as a stabilizing agent and the
solution of pre-synthesized polymer were added. The mix-
tures were condensed for 90 min with continuous stirring.
Finally, the nanoparticles were washed with DIW, and
absolute ethanol followed by vacuum drying at 70 °C for
3 h. The synthesis details are provided in Table 1.

2.4 Synthesis of metal (Ag, Fe, Cu, and Zn)
manoparticles with polyhydrazide

2 g of each precursor salt, silver nitrate, iron sulfate hepta
hydrate, copper sulfate, and zinc chloride containing 2 g of
PH each were dissolved separately in four different beakers
containing 10 ml of deionized water (DIW). The mixed
solution of precursor salt and PA was taken in a round
bottom flask fitted with a condenser. The precursor solu-
tions were stirred using a magnetic stirrer on a hot plate at a
temperature up to 135 °C for 35 min. After heating and
stirring the solution, a few drops of hydrazine monohydrate
were added as a reducing agent into that solution. The color
of the solution changes to light gray, light black, golden
brown, and off-white for silver nitrate, iron sulfate, copper
sulfate, and zinc chloride precursor solutions, respectively.
A few drops of ethanol as a stabilizing agent and the
solution of pre-synthesized polymer were added. The mix-
tures were condensed for 90 min with continuous stirring.
Finally, the nanoparticles were washed with DIW, and
absolute ethanol followed by vacuum drying at 70 °C for
3 h. The synthesis details are provided in Table 2.

2.5 Methods of characterization

The crystallinity of MNP was measured using an X-ray
diffractometer (Bruker D8 Advance). The sample used for
measurement was in powder form. The surface morphology

Table 1 Metal nanoparticles
synthesis via polyamide

Nanoparticles AgNO3 (g) Polyamide (g) DIW Reducing
agent

Stabilizing
agent

Thermal
treatment

Duration

Silver (Ag) 2 g 2 g 10 ml Hydrazine
monohydrate

Ethanol and
polymer

135 °C 35 min

Iron (Fe) 2 g 2 g 10 ml 135 °C 35 min

Copper (Cu) 2 g 2 g 10 ml 135 °C 35 min

Zinc (Zn) 2 g 2 g 10 ml 135 °C 35 min
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of as-synthesized MNP was examined by a scanning elec-
tron microscope (VEGA3-Tescan, USA). The optical
properties including absorption characteristics of MNP were
recorded in a spectrophotometer (Shimadzu 1800, Japan).
The surface characterization and chemical composition of
MNP were investigated by IR spectrophotometer (BRU-
KER PLATINUM-ATR). The UV-Vis and IR measure-
ments were performed using a dispersion of MNP. The
thermal stability of MNP was investigated by a thermo-
gravimetric (TG) analyzer (DTG-60 Shimadzu, Japan) at a
ramp rate of 15 °C/min.

3 Results and discussion

3.1 Structural, thermal, optical, and chemical
properties of Ag nanoparticles

Figure 1a shows the crystalline structure and phase com-
positions of pre-synthesized silver nanoparticles. Four

unique diffraction peaks (~38°, 44°, 64°, 77°) that match the
typical XRD pattern [JCPDS No: 03-0931] correspond to
the (111), (200), (220), and (311) planes of the silver
crystal, respectively [40]. Compared to JCPDS, the 2θ
values obtained from the XRD pattern of Ag NPs are
marginally lower. The produced silver nanoparticles are
face-centered cubic structures. The result indicates that by
addition of polyamide/polyhydrazide and hydrazine mono-
hydrate as reducing agents to the solution reduces the silver
nitrate precursor to generate crystallized Ag NPs. Never-
theless, compared to those synthesized with PH, the dif-
fraction peak intensity of the silver nanoparticles
synthesized with PA was found to be higher. With Ag-PH
samples, a broader diffraction peak was also noted. In XRD
patterns, broad peaks usually correspond to smaller crys-
tallite sizes or poor crystallinity. In contrast to Ag-PH, the
Ag-PA pattern may indicate more favorable crystallization
conditions for silver nitrate, leading to larger crystallites or
higher crystallinity. Another cause of the peak broadening
could be a structural disorder between the silver nitrate and

Fig. 1 Silver (Ag) nanoparticles
synthesized from polyamide
(PA) and polyhydrazide (PH);
XRD patterns (a), TGA Curves
(b), UV-VIS spectra (c), and IR
spectra (d)

Table 2 Metal nanoparticles
synthesis via polyhydrazide

Nanoparticles AgNO3 (g) Polyhydrazide (g) DIW Reducing
agent

Stabilizing
agent

Thermal
treatment

Duration

Silver (Ag) 2 g 2 g 10 ml Hydrazine
monohydrate

Ethanol and
polymer

135 °C 35 min

Iron (Fe) 2 g 2 g 10 ml 135 °C 35 min

Copper (Cu) 2 g 2 g 10 ml 135 °C 35 min

Zinc (Zn) 2 g 2 g 10 ml 135 °C 35 min
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PH, which would distort the crystal lattice [41]. Owing to
the amorphous nature of polymers, no diffraction peak
corresponding to PA or PH was observed in either of the
XRD patterns. To examine the polymer content on the sil-
ver nanoparticle surface, thermogravimetric analysis (TGA)
was performed on the produced samples in a nitrogen
atmosphere. Figure 1b demonstrates that, for Ag-PA and
Ag-PH samples, the total weight loss of the silver nano-
particles is less than 4% and less than 8%, respectively, up
to 400 °C, demonstrating greater thermal stability of the
nanoparticles with polymer matrix. To provide more con-
text, the thermal decomposition of Ag-PA and Ag-PH
samples is observed in two stages, the first of which occurs
in the range between 40 and 400 °C, and the second of
which occurs in the range between 400 and 550 °C. Minor
weight loss (less than 10%) happens in the first stage and is
caused by dehydration or ethanol evaporation [42]. Polymer
matrix decomposition is responsible for the majority of the
degradation in both samples above 400 °C. Similar to clean
Ag-PH, Ag-PA samples display an analogous decomposi-
tion pattern.

The UV-Vis absorbance spectra of the pre-synthesized
Ag-PA and Ag-PH nanoparticles are shown in Fig. 1c. The
presence of silver nanoparticles was confirmed by the peak
of the silver absorption spectra, which can be observed to
arise at 425 nm for Ag-PA and 420 nm for Ag-PH samples,
respectively. Because of their surface plasmon resonance,

silver nanoparticles have a specific absorption peak in the
UV-visible range. The spherical shape of silver nano-
particles is further confirmed by the presence of a single,
concentrated corresponding absorption peak [43]. Ag-PA
and Ag-PH nanoparticles were subjected to FTIR spectro-
scopy experiments, as shown in Fig. 1d. The characteristic
vibration frequency peaks of Ag-PA are located at 1434 cm
−1 (NH bending vibration), 2881 cm−1 (CH2 stretching),
3258 cm−1 (N-H stretching), and 588 cm−1 (N-H bending
vibration). The vibration frequency of the amine group is
slightly shifted from the reported literature in the presence
of Ag NPs at the PA surface [44]. This difference might
suggest that Ag NPs are forming physical bonds with the
amine group of PA. Ag nanoparticles are responsible for the
peaks at 433 cm−1 and 545 cm−1. However, for the Ag-PH
sample, we observed a peak of silver nanoparticles at
568 cm−1. SPR of the silver nanoparticles may be the cause
of the minor shift in the peak position in the IR spectra.

3.2 Structural, thermal, optical, and chemical
properties of Fe nanoparticles

The XRD analysis was conducted to investigate the crys-
talline nature of Fe nanoparticles, and the related patterns
are displayed in Fig. 2a. The diffraction peaks at
2θ= 30.19°, 35.43°, 37.15°, 43.17°, 53.44°, and 57.03° in
the XRD data of the as-synthesized sample Fe-PA can be

Fig. 2 Iron (Fe) nanoparticles
synthesized from polyamide
(PA) and polyhydrazide (PH);
XRD patterns (a), TGA Curves
(b), UV-VIS spectra (c), and IR
spectra (d)
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attributed to the (220), (311), (222), (400), (422), and (511)
planes of magnetite (Fe3O4) nanoparticles, respectively
(JCPDS No: 01-1111). This suggests that the magnetite
particles in the composites were pure with a cubic spinal
structure. The relative intensities and position of the
reflection peaks in both samples agree well with the XRD
patterns previously reported [45]. Due to the polymer net-
work, both samples exhibit a large peak at 2θ= 23° [46].
However, the peak of the iron nanoparticles did not show up
at 18° might be due to the peak of the polymer at 23°.

Figure 2b shows the TG curves of Fe-PA and Fe-PH
nanoparticles. The samples’ temperature of thermal degra-
dation was typically between 300 and 500 °C. The mere 6%
weight loss below °C is indicative of water desorption and
minimal monomer residue in the matrix. The two samples
displayed comparable patterns of decomposition, and the
decomposition at higher temperatures can be linked to
polymer decomposition. Fe-PA and Fe-PH samples have a
high transparency in visible light and an excellent UV
absorption capability, as shown in Fig. 2c. Two abrupt rises
show at around 286 nm and 391 nm for the Fe-PA sample,
and 240 nm and 340 nm for the Fe-PH sample, respectively.
The absorption edge wavelength is shorter than 600 nm, and
the absorption increases steadily up to the peak at the
wavelength of about 400 nm [47]. These findings imply that
polymer-doped nanoparticles cause a significant increase in
absorption up to 400 nm and give nanoparticles-based
samples the ability to screen against UV radiation and

become transparent in the visible light spectrum. Figure 2d
shows the IR spectra of Fe-PA and Fe-PH nanoparticles.
The Fe-PA spectrum exhibits a characteristic expansion of
the peaks around the 400–700 cm−1 absorption bands,
which is indicative of Fe-O stretching. Additionally, the
peak at 570 cm−1 validates the inclusion of Fe3O4, while the
908 cm−1 is ascribed to amide stretching. The Fe-PH IR
spectrum is also displayed in Fig. 2d. Peaks may be seen in
the Fe-PH IR spectra at 586 and 693 cm−1. The iron
nanoparticle bands at about 586 and 693 cm−1 matched the
Fe-O bond bending and stretching vibrations that are typical
of the crystalline lattice of the magnetite mineral phase,
however, the Fe-PH showed a transient, strong peak at
1091 cm−1. O-H stretching at 3236 cm−1 was widely
exhibited by the Fe-PH nanoparticles due to the presence of
O-H in the water or alcohol used to clean the particles. The
existence of water was confirmed at 1645 cm−1 by the O-H
bending absorption band. The C-O stretching absorption
bands at 1087 cm−1, which may have resulted from the use
of ethanol and water before drying, indicated the presence
of O-H in the nanoparticles [48].

3.3 Structural, thermal, optical, and chemical
properties of Cu nanoparticles

The XRD patterns of Cu-PA and Cu-PH nanoparticles are
displayed in Fig. 3a. It was evident that PA6 had α crystals
that matched 19° and 23°. Furthermore, there was good

Fig. 3 Copper (Cu)
nanoparticles synthesized from
polyamide (PA) and
polyhydrazide (PH); XRD
patterns (a), TGA Curves (b),
UV-VIS spectra (c), and IR
spectra (d)
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agreement between the XRD peaks at 43° and 50°, which
correspond to the (111) and (200) planes, respectively,
supporting the synthesis of Cu nanoparticles in the Cu-PA
sample (JCPDS No: 85-1326). In the Cu-PH sample, the
XR diffractogram showed peaks at 2θ= 43° (Cu-111), 50°
(Cu-200), and 74.13° (Cu-220), which corresponded to the
Cu structure. Copper nanoparticles made from PH have
higher peak intensities in XRD analysis than copper nano-
particles made from PA, suggesting a reduced degree of
crystallinity [49]. The TG curves of the chemically syn-
thesized copper nanoparticles from PA and PH are dis-
played in Fig. 3b. At first, both samples showed significant
weight losses between 40 and 150 °C, which are correlated
with the capping agent breakdown and the residual solvent
evaporation, respectively [50]. Cu-PH samples have two
weight gain stages and one weight gain stage for Cu-PA,
respectively, involving copper nanoparticles. For the Cu-PH
sample, the first weight increase stage begins at around
150 °C and finishes at about 225 °C. The second weight
gain-only stage begins at 300 °C and ends at about 350 °C.
The two weight growth stages of copper nanoparticles and
the decomposition stages line up. The copper nanoparticles
begin to gain weight in the first stage when the polymer
begins to lose weight due to decomposition. The copper
nanoparticles reach the second weight gain stage when the
temperature rises further. Eventually, the copper nano-
particles stop growing in mass and are fully oxidized as the
decomposition process ends. Absorption peaks in UV-vis
are influenced by the size of MNP. It has been observed that
the absorption bands of copper nanoparticles lie between
550 and 600 nm. Figure 3c displays the UV-vis spectra of
copper nanoparticles derived from the polymers (PA and
PH) in the original reaction mixture. It is evident that the
Cu-PH sample has distinct positions for its absorption
bands. Smaller nanoparticles are suggested by the absorp-
tion peak small shift from 590 to 580 nm for the Cu-PH
sample.

A useful tool for measuring particle formation is Fourier
Transform Infrared (FTIR) spectroscopy. It is revealed that
there is a clear relationship between the particle size and the
width and intensity of peaks in an IR spectrum. The width
of the peak diminishes, and the intensity increases with
increasing particle size. The peaks of the FTIR spectra of
Cu nanoparticles in Fig. 3d are visible. The area is bounded
by carboxyl or carbonyl groups between 1700–1500 and
1400–1200 cm−1. The transmittance decreases in this area
affirms the formation of nanoparticles. The IR spectrum
revealed peaks at 1620 cm−1 (C=C stretch) and 1210 cm−1

(C-O bend), as well as absorptions in the range of
3600–3500 cm−1 (N-H stretch), 3300-2600 cm−1 (O-H
stretch), and 1050-850 cm−1 (C-H bend). For Cu NPs pro-
duced with polymers present, a comparable explanation was
reported [51]. When polymers are present during the

synthesis of Cu NPs, the most distinctive signal indicating
their presence could overlap with the polymers.

3.4 Structural, thermal, optical, and chemical
properties of Zn nanoparticles

Figure 4a shows the XRD patterns of Zn NPs synthesized
from PA and PH. The XRD pattern of Zn-PA exhibited 2θ
peaks at around 31°, 36°, and 60°, corresponding to (100),
(101), and (110) planes of ZnO, respectively (JCPDS-36-
1451) [52]. A peak shift was noted in comparison to the Zn-
PH XRD pattern. A shift in the lattice parameters may be
the cause of the peak shift. However, the formation of Zn
nanoparticles is confirmed in both patterns. The XRD pat-
terns of both PA and PH showed a broad diffraction peak at
26°, which can be attributed to the amorphous nature of
polymers. TGA was used to examine the thermal stability of
both samples in a N2 environment. TGA curves for Zn-PA
and Zn-PH nanoparticle-based samples are shown in Fig.
4b. The TGA curves of the nanoparticles make it clear that
the thermal properties of the produced samples are posi-
tively impacted by the polymer-based nanoparticles. When
it came to thermal stability, the Zn-PA sample outperformed
the Zn-PH sample. But in the temperature range up to
250 °C, neither sample showed any appreciable degrada-
tions. The homogeneous distribution of ZnO nanoparticles
in the PA matrix and the strong adhesion between zinc
oxide and the matrix are responsible for the Zn-PA sample’s
enhanced thermal stability, which has prevented the sample
from degrading due to heat. The degradation of polymers
may be the cause of the weight loss in both samples at
higher temperatures. Figure 4c shows the solution state UV-
vis absorption spectra of Zn-PA and Zn-PH PANC. The
successful surface modification of ZnO nanoparticles can be
inferred from a comparison of the UV-vis spectra of Zn-PA
and Zn-PH. The transition of the charge transfer electron at
the coordinated sites caused the absorbance peaks of ZnO
nanoparticles to appear between 300 and 350 nm. The Zn-
PA absorption spectra showed a minor blue shift, which
was followed by a shift to the highest absorption peak of
ZnO nanoparticles.

This resulted in a decrease in the intensity of the
nanocomposite adsorption. ZnO nanoparticle compat-
ibility and excellent distribution within the PH matrix are
responsible for a decrease in the intensity of UV absorp-
tion for Zn-PH. Figure 4d displays the FTIR spectra of Zn-
PA and Zn-PH samples. The hydroxyl groups on the
surface of ZnO nanoparticles were identified as the cause
of the absorption band at 3480 cm−1 in the FTIR spec-
trum. Following ZnO nanoparticle modification, new,
distinctive absorption bands developed at 3044 cm−1,
1650 cm−1, 1480 cm−1, and 1230 cm−1. These bands were
associated with the carbon-oxygen bond, the double
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carbon-carbon bands in aromatic rings, and aromatic CH,
respectively. The distinctive absorption band, which is
associated with the stretching vibration of the carbon-
carbon double bond in the polymer chain, first showed at
1590 cm−1. The amide group stretching vibration caused
the absorption bands for the carbonyl groups in the
nanocomposite FTIR spectra to be ~1660 cm−1. Zn-O in
the polymer structure caused the absorption band at
535 cm−1 [53].

3.5 Morphological characteristics of metal
nanoparticles

Figure 5 displays the images obtained from the scanning
electron microscopy (SEM) analysis of the surface mor-
phology of MNP. The polymer surface exhibits a uniform
loading of MNP. The random distribution of nanoparticles
was observed with sizes in nanometric dimension. The
uniform deposition of silver nanoparticles on the polymer
matrix was verified by the Ag nanoparticles shown in Fig.
5a. The agglomerated particles could be explained by the
nanoparticles thermo-migration that occurs when they are
heated to the boiling point. In Fig. 5b, the Fe nanoparticles
displayed a wide size distribution, but Cu nanoparticles in
Fig. 5c are primarily spherical, in line with the previously
described shape of Cu nanoparticles. The size of the
resulting particles increases to roughly 200 nm, and they are

irregular. Bulk morphology Zn nanoparticles exhibit severe
aggregation.

3.6 Comparison of metal nanoparticles in polyamide
and polyhydrazide matrices

In order to identify the optimal combination for the intended
applications, we synthesized Ag, Fe, Cu, and Zn nano-
particles using PA and PH matrices. We then examined
their morphological, optical, and functional properties. The
nanoparticles produced in both polymers had different
morphologies, as seen by SEM. Ag-PH and Ag-PA nano-
particles were both spherical, but Ag-PA had a smaller
average size and improved dispersion. The nanoparticles of
Fe-PA and Fe-PH had cubic forms, while the size dis-
tribution of Fe-PA was more uniform. The majority of Cu-
PA and Cu-PH nanoparticles were spherical, while Cu-PH
showed reduced aggregation. Zn-PH nanoparticles pro-
duced more asymmetrical morphologies, while Zn-PA
nanoparticles produced rod-like formations. The produc-
tion of nanoparticles was confirmed by typical absorption
peaks observed in UV-Vis spectroscopy. When compared
to Ag-PH (420 nm), Ag-PA nanoparticles’ peak at 425 nm
was slightly redshifted, suggesting a bigger particle size.
Around 400 nm, Fe-PA and Fe-PH showed absorption
edges, with Fe-PA exhibiting increased UV absorption. Cu-
PH nanoparticles showed a peak at 580 nm, indicating a

Fig. 4 Zinc (Zn) nanoparticles
synthesized from polyamide
(PA) and polyhydrazide (PH);
XRD pattern (a), TGA Curves
(b), UV-VIS spectra (c), and IR
spectra (d)
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lower particle size than Cu-PA nanoparticles, which pro-
duced a peak at 590 nm. Strong UV absorption was
observed in Zn-PA and Zn-PH, with Zn-PA showing a
minor blue shift, suggesting smaller particle sizes or
improved dispersion. The inclusion of MNP into both
matrices was successfully demonstrated by FTIR spectro-
scopy. As a result of the interaction with Ag nanoparticles,
Ag-PA displayed distinctive amide group vibrations with
shifts. Magnetite generation was confirmed by Fe-O
stretching peaks in Fe-PA, while Fe-PH had extra peaks
that may have resulted from complexation with hydrazide
groups. Cu-O and C=O group peaks were visible in the Cu-
PA and Cu-PH spectra, suggesting interaction with the
polymer matrix. Zn-O stretching vibrations were seen in
Zn-PA and Zn-PH, with Zn-PA displaying fewer extra
peaks, indicating less interaction with the polymer matrix.
When comparing PA-based nanoparticles to PH-based ones,
TGA revealed enhanced heat stability in the former.
Because of their stronger connections between the polymer
and the nanoparticle, Ag-PA and Fe-PA nanoparticles
demonstrated improved thermal stability by exhibiting
lower weight loss and higher breakdown temperatures.
Because the nanoparticles were more steadily incorporated
into the PA matrix, the Cu-PA and Zn-PA samples also
showed better thermal characteristics than their PH

counterparts. Ag-PA and Fe-PA combinations stand out as
the best choices for applications needing uniform nano-
particle dispersion and high thermal stability, such as in
catalysis and electronics, based on size, shape, optical
properties, functional group characteristics, and thermal
stability. Zn-PA performs better for applications requiring
high UV absorption and optical clarity. Hence, to produce
MNP in a variety of applications, PA matrices typically
offer better overall properties.

4 Conclusion

In summary, we synthesized the MNP (Ag, Fe, Cu, and Zn)
from two different kinds of polymers, PA and PH. The
synthesized nanoparticles exhibited highly crystalline
structures with better thermal stability. The SEM images
confirmed the successful formation of nanoparticles. These
findings highlight the effectiveness of PA and PH in facil-
itating the synthesis of distinct MNP, which can be poten-
tially utilized in sensing, biomedical, and catalysis. Finally,
the facile approach chemical reduction method for synthe-
sizing MNP from PA and PH offers a strong path forward
for the development of nanomaterial synthesis and appli-
cations. Only a few metals Ag, Fe, Cu, and Zn were the

Fig. 5 SEM images of metal
nanoparticles; Ag nanoparticles
(a), Fe nanoparticles (b), Cu
nanoparticles (c), and Zn
nanoparticles (d)
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focus of the study. Broadening the range of metals used
could yield a more thorough understanding of the synthesis
method potential and constraints. The synthesized nano-
particles potential uses in practical applications were not
thoroughly examined in this study. To evaluate their
effectiveness, real-world testing is required in biological,
catalytic, and sensing applications. There were two types of
polymer matrices used: PA and PH. If alternative polymers
are investigated, it might become clear if the benefits noted
are unique to ones or more universal. Prospective investi-
gations ought to encompass a more extensive assortment of
metals to examine the adaptability and constraints of the
synthesis technique utilizing distinct metal kinds. Con-
cerning cost, yield, and process stability, research ought to
concentrate on how scalable the synthesis process is to
assess its industrial suitability. Experiments with other
polymers for nanoparticle synthesis may reveal whether the
efficiency of the procedure is limited to PA and PH, or if it
may be used to a larger class of polymer matrices.
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